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Abgract- Thyroid hormone plays an important role in hearing
devdopment. The exact incidence of hearing impairment in
untreated congenital hypothyroid newborns (CH) is unknown.
This paper presentsthe results of the measuring of thetransent-
evoked otoacoustic emissions (TEOAE) on a population of 29
newborns postive to the screening test for hypothyroidism.
TEOAE were recorded in all newbornsin 1 month after birth
and before garting the L-thyroxin treatment. We performed
both temporal and time-frequency analyss of the responses by
means of Wavdet transform. 68 newborns who had no risk
factor for hearing loss served as control. The comparison of the
characterigics of temporal and frequency content of the
responses of the two groups showed no satistically significant
difference (p=0.01).
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|. INTRODUCTION

Congenital hypothyroidism is a ommon dsease with an
incidence of 1 in every 4000-5000 newborns [3]. The thyroid
hormone (TH) is necessary for a normal development of the
audtory sysem[16]: both a genetic or acquired neonatal
thyroid hormone deficiency may result in a profound mental
disability that is often accompanied by deafness. The
associations between thyroid disorders and auditory system
dysfunction hes been identified in both anima modds and
human patients [2-5;7-8;12;15].

However, the exact incidence of hearing impairment in
untreated congenital hypothyroid (CH) newborns is il
unknown as wdl as the direct action of thyroxin on the
peripheral hearing organsin humans.

The purpose of this qudy was to analyse the dfeds of
thyroid hormone deficiency on the peripheral auditory system
in  humans. Trandent evoked aoamustic emissons
(TEOAE), were used to test the micromechanical activity of
the outer hair cells of the cochlea In fact TEOAE are aoustic
signals emitted by the mchlea and reflect the adive processes
that are involved in the transaction of mechanical energy into
electrical energy [6]. One of the features of the TEOAE is
their tight relation to the mchlea datus TEOAE are
universdly present to a various degree in al hedthy cochlese,
whereas they are not generally observed o are grealy
reduced in ears with mild hearing losses.

In this gudy, analysis of the time-frequency properties of the
TEOAE is therefore used to monitor the cochlear
functionality and to compare the daracteristics of the
waveforms recorded from two population (CH and control).

Il. METHODOLOGY

Transient evoked doacoustic emissons (TEOAE) were
recorded using a probe inserted into the outer ear canal. The
probe mntains a miniaturised microphone and a transmitter
that delivered the acoustic stimulus. In the present study 29
CH newborns (54 ears), born between August 1997 and April
2000 and identified through the thyroid screening program
implemented a the San Raffade Hospita in Milan, were
tested with TEOAE before starting the L-thyroxin treatment.
68 well babies (100 eas), randomly chosen from al the
newborns included in the Hearing Screening Program of the
San Raffadle Hospital in Milan, were used as cortrol group.

The test was performed in all newborns (control and CH) in
1 month after birth at the most. TEOAE were recorded using
a standard ILO88 system (Otodynamic Ltd.). Responses were
filtered with the ILO88 default procedure (second-order high
pass filter set at 330Hz, gain 1.57 and fourth-order low pass
set at 10.6 kHz, gain 2.6) and dgitdized a a rate of 25.000
samples/s. Responses to 260 repetitions of the dick-train
(four clicks per train) were averaged according to the “non-
linear” mode of operation (i.e. atrain of three clicks foll owed
by a fourth click of inverse polarity and three times greater;
this method takes advantage of the nonlinear behaviour of the
TEOAE ) in the QuickScreen acquisition mode with a sweep
time of 12.5 ms. Finally, average data were digitaly filtered
off-line (second order digital bandpass &t at 600+6000 Hz).

In al the recording sesdons, the dick-stimulus level ranged
from 77 to 83 dB SPL and two replicates (A and B) of the
responses were collected in the same recording conditions.

As to the PASSFAIL criteria, a TEOAE response was
scored as PASS when the total reproducibility was equal to or
gregter than 70%, and the reproducibility equal to or greater
than 50% in the 1.5 kHz band and 70% in 2.2, 3.0 and 3.7
kHz bands was found. When the stimulus gability i.e. an
edimate average rrelation between the waveforms of the
stimulus at the beginning and at the end of the recording, was
lower than 70%, the recording is sored as FAIL (technical
fall).

Both tempord and frequency content of the whole set of
evoked responses that passed the TEOAE test (31 ears of the
CH newborns and 100 ears of the antrol newborns), were
analysed.

A. Time-amplitude analysis
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For al subject, the root mean square value (RMS) of the
average between A and B replicates was computed. The RMS
of a discrete signal which consists of N equispaced samples
x(n) is given by (1):

xms = |1/ N [nNZ x(n)2

In this investigation, RMS amplitude was computed in 11
subwindows; the duration of each subwindow was st a 4 ms,
with a tempora overlap of 3 ms. The first and the last
windows gtarted at 6 and 16 ms, respectively. Thus, for each
emisgon, eleven vaues in time were obtained, which can be
considered as the RMS rdative to the mean value of the
extremes of the tempord moving window. Also the RMS
amplitude of the noise was estimated. An estimate of the
noise was obtained considering the difference in the two
replicate responses, A and B, divided by root 2, in order to
take into account both congtructive and destructive effect of
the noise mmponents on the recording [10].

(1)

B. Wavelet approach

The Waveet Transform is a linear time-frequency
distribution which decomposes a signd into a family of basis
function:

V\/T('[_, f) :IX(t)ql flfol* ((f / fo) ﬂt _t_))dt )

The basis functiony/ f / fo Ch((f / fo(t)) are scaled and

shifted version of the same prototype function h(t), the mother
wavelet. h(t) is a function with finite energy and centered
around time t=0; its FT is a bandpass function centered
around frequency f,. The Wavelets have a onstant relative
bandwidth, i.e the qudity factor Q (center
frequency/bandwidth) is constant. Unlike STFT, time and
frequency resolution are not fixed ower the entire time-
frequency plane: time resolution becomes good at higher
frequencies whereas frequency resolution becomes good at
lower frequencies. The particular Structure of the wavelet
fiters (narow bandwidth and long duration for low-
frequency filters; broad bandwidth and brief duration for
high-frequency filters) makes the WT approach highly
suitable for signals with low-frequency components of long
duration and high frequency components of brief duration as
the TEOAE.

In this dudy the timefrequency Continuous Wavelet
Transform was computed wsing as mother wavelet h(t) the
tempord function:

cos(t)
1+t

h(t) = (3

as siggested by Tognola [13]where b was set to 20 and m to
8. Time t and frequency f parameters were sampled using a
uniform sampling grid: t=nT and f=kF, where T is the

sampling period in time (0.04 ms), F is the step in frequency
(500 Hz) and n, k are integers. We utilised a technique, based
on the inverse WT, to decompose emissions into elementary
components[13-14], on the basis of the spectral properties of
band-pass filters of WT. For all responses, the frequency
contents of the aerage of the A and B replicates were
andysed in 8 frequency bands (from 1750 to 5250 Hz, step
500 Hz). Decompostion of TEOAE into elementary
components coud be useful to study the characteristics of
each components and to compare the differences between the
hypathyroid and the @ntrol group. In particular, the RMS, the
latency and the reproducibil ity were investigated.

The root mean square (RMS) of each frequency component
for al subjects was computed from the average of A and B
replicates using a rectangular windows from 0.04 to 20.44
ms; the latency is defined as the time intervad from the
stimulus onset to the maximum of the envelope of the
frequency component considered; the reproducibility is
defined as the zero-lag correlation between A and B
frequency components, computed in the temporal window
from 6 to 18 ms, to avoid the influence of theinitial artefact .

C. Satigtical analysis

A dstatisticd anaysis was applied to the results of the study
of the amplitude (RMS) over frequency and time, of the
latency and of the reproducibility over frequency. Statistical
anaysis was performed by the Group Comparison t te, if the
observed samples came from a population with a normal
distribution, or by the Wilcoxon test, if the observed samples
didn’t come from anorma distribution. In both case the level
of significance was st to aprobability of 0.01.

I1l. RESULTS

23 ears (42,6%) out of the 54 who were tested from the CH
newborns failed the TEOAE test according to the PASS/FAIL
criteria described before. This result showed an increase in
the populaion of newborns classified as fal compared with
the average data of the hearing newborns <reening program
implemented at San Raffagle Hospital in Milan.

In fig.1 the average aross all the exrs of the RMS amplitude
of the TEOAE classfied as PASS recorded from the two
group is presented as a function of the post-stimulus time; the
two functions are nearly superimposed aong al the post-
stimulus time. The RMS amplitude of the noise level is on
average 53% of the RMS amplitude of the TEOAE.

In fig.2 the average RMS amplitudes is presented as a
function o frequency. The RMS amplitude of the ntrol
group is greater than the one of the CH newborns in al the
frequency bands.

In fig. 3 the average latency is presented as a function of
frequency. It is to notice that the two functions are nearly
superimposed in all the frequency bands.

In fig4 the reproducibility is presented as a function of
frequency. The reproducibility of the cntrol group is always
lower than the one of the CH group, especidly in the
frequencies below 3.5 kHz.



The satisticd analysis applied to the tempora (RMS versus
post-stimulus time) and frequency (RMS, onset latency and
reproducibility versus frequency) charecteritics of the
responses of the two groups (CH and control) showed no
statisticaly significant difference (p=0.01) in al the tempora
windows and in dl frequency bands.
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Fig.l. TEOAE amplitude recorded form CH and cortrol newborns RMS
vaue ae omputed in 11 tempora windows 4 ms long and shifted on 1 ms
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Fig.2 Frequency comporents amplitude of TEOAE recrded form CH and
cortrol newborns. RMS vaue of each components are @mputed wEng a
tempora window of 2040 ms. The curves $ows the result of the average of
al theears
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Fig.3 Frequency comporents latency of TEOAE recorded from CH and
cortrol group The aurvesshowsthe resultsof the average of al theears.
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IV. CONCLUSION

Time-frequency analysis of TEOAE by wavelet transform
can be onsidered a useful tool to study the physiologic effect
of thyroid hormone depletion on hearing and the function of
outer hair cdl. In fact the particular structure of the TEOAE
requires a method able to discriminate both high-frequency
components of brief duration and low-frequency components
of long duration. The WT seems to be the best compromise
between time-frequency resolution and interference term
atenuation. The analysis of TEOAE could therefore provide
indirect information on outer hair cdl function that is not
avalable from ABR and electrocochleography. In fact,
otoacougtic emissions are thought to reflect the activity of
active biologica mechanisms within the cochlea responsible
for the exquisite sensitivity, sharp frequency selectivity and
wide dynamic range of the normal auditory system. It is now
accepted that the OHC system is responsible for the
generation of otoacoustic emission and that OHC moatility is
the adlular basisfor this phenomenon [1].

In our investigation, no Saisticaly significant differences
were found between the CH and control TEOAE properties
(RMS, laency, reproducibility) both in tempora (11
subwindows from 6 msto 16 ms) and frequency (8 frequency
bands from 1750 to 5250 Hz, step 500 Hz) domain. Our
results ems to suggest tha in humans, the deficiency of
thyroxin duing the phase of maturation of the mchlea
coudn’t influence the normal biologica activity of the OHC.
Moreover, this could suggest tha the development of the
cochlea is little sensitive to fetal hypothyroidism, or that the
level of circulatory thyroid hormone in these newborns during
fetd life is sufficient for norma development. According to
other authors [4] there could be some transfer of maternal
thyroid hormone to the fetus. This might explain why our
results in CH newborns differ from those reported in
experiments with animals, where tectorid membrane
irregularity and outer cdl damage were found.

Asto the PASS/FAIL criteria, the results of this dudy seemto
indicate that there is a decrease of the signal-to-noise ratio of
the responses of the CH newborns compared with the average
data of the loca newborns screening program. This produces



an increase in the CH popuation d the newborns classified as
fall

No correlation between congenital hypothyroidism and
congenital deafness was found gpart from the fact that 7 CH
newborns who failed the TEOAE test, showed a decrease of
the diameter of the epiphisary distal nuclei of the femur.
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